Current interest in amaranth as a food resource for humans and animals has been stimulated by activities in germplasm collection and testing in the U.S. Fifteen growing, intact male lambs weighing 18.7 kg were assigned randomly to three diets (five lambs/diet) for a 14-d growth trial followed immediately by an 8-d (4-d adjustment, 4-d collection) digestion and N balance trial to determine the utilization of the forage component (leaves and stems) of an African cultivar (Zimbabwe cultivar PI 482049, Amaramhus cruentus L.). All diets contained 40.95% ground corn, 8.0% soybean meal and 1.05% mineral-vitamin supplement plus either 50% ground alfalfa hay, 25% ground alfalfa hay plus 25% ground amaranth forage or 50% ground amaranth forage. Lambs had ad libitum access to feed during the growth trial and at 4% of BW daily during the digestion and N balance period. Replacement of half or all the alfalfa in the diet with amaranth had no effect on weight gain or feed utilization. Apparent digestibility of cell contents, NDF, ADF, cellulose, ADL, N and GE and percentage of absorbed N retained did not differ among the three diets. The amaranth vegetable cultivar Zimbabwe PI 482049 promoted weight gain and feed utilization equal to that obtained with alfalfa as the sole forage for growing lambs. Additional research is needed to evaluate further the potential role of forage/vegetable amaranth as an animal feed resource.
Introduction
Species of the genus Amaranthus are herbaceous plants distributed throughout the world (Saunders and Becker, 1984 Received January 12, 1989 . Accepted April 6, 1989 food. Amaranth grain was used as a staple food by the Aztec people, but its use was suppressed by Cortez, leaving only scattered pockets of germplasm available for present-day studies (National Academy of Sciences, 1975; McKell, 1983) . Current interest in amaranth as a food resource for humans and animals has been stimulated by activities in germplasm collection and testing by The National Academy of Science and Rodale Organic Gardening and Fanning Research Center, Kutztown, PA. Yield and chemical composition data and nutritional evaluation of forage amaranth (Sanchez, 1986; Alfaro et al., 1987a,b) indicate a high potential for use in animal and human diets. The purpose of this study was to compare the feed consumption, growth rate and diet digestibility by growing lambs fed vegetable amaranth vs alfalfa hay as roughage in a completely mixed, ground diet.
Materials and Methods
Fifteen growing Synthetic I (a composite of three breeds, 1/2 Finnsheep, 1/4 Dorset, 1/4 Rambouillet) intact male lambs with initial weights averaging 18.7 kg were assigned randomly to the three experimental diets (Table 1) for a 14-d growing trial followed immediately by an 8-d (4 d preliminary, 4 d collection) digestion and N balance trial. As a source of roughage, diets contained 100% ground alfalfa hay (Diet 1), 50% alfalfa hay and 50% ground amaranth forage (Diet 2) or 100% ground amaranth forage (Diet 3).
The forage amaranth used was grown at the USDA Plant Introduction Station, Ames, IA, from an Amaranthus cruentus L. accession (Zimbabwe cultivar PI 482009). The sample used for the experiment was harvested from a .04-hectare plot that had been seeded in 75-cm rows at a rate of 2.27 kg/ha on an unamended Nicollet loam (mixed mesic Aquic Hapludoll soil). It was harvested 1 wk after anthesis at about 75% moisture and dried at 290C for 4 d. The dried forage was ground through a hammermill and mixed with other diet components for feeding. Animals were kept in individual 1.2-m 2 pens over expanded metal, slotted floors during the 14-d growth period and had ad libitum access to their respective diets. For the digestion-N balance trial, all lambs were transferred to wooden digestion crates where they were continued on their respective assigned diets and fed at 4% of BW daily through a 4-d adjustment and 4-d collection period. Each crate was equipped with a metal feces collection pan and an expanded metal floor for separate collection of urine. Urine was collected into plastic pans containing 5 ml of 10 N HC1 to maintain acid pH of the voided urine to minimize volatilization of ammonia. A 10% aliquot by volume was saved from each daily collection and pooled for each animal for N analysis. Total daily fecal excretion of each lamb was weighed, and a 10% aliquot was frozen in a plastic bag; the contents later were dried at 55~ mixed, and ground for chemical analyses. Feed and feces were analyzed for CP (Kjeldahl N x 6.25), NDF, ADF, ADL, cellulose (Goering and Van Soest, 1970) and GE (adiabatic bomb calorimetry).
Data were analyzed statistically by least squares means ANOVA (SAS, 1985) with individual animal as the experimental unit for all traits measured.
Results
Replacement of half or all the ground alfalfa hay in the diet with forage amaranth had no effect on weight gain or feed efficiency in the 14-d growing trial. Daily weight gain for lambs fed alfalfa (Diet 1), alfalfa-amaranth (Diet 2) and amaranth (Diet 3) were 381, 290 and 357 g, respectively (SD = 61 g). Daily feed consumption was 1,073, 985 and 1,048 g for lambs fed Diets 1, 2 and 3, respectively (SD = 141 g). Corresponding gain-to-feed ratios were .359, .294 and .341 (SD = .009). Neutral detergent fiber, cellulose and ADL concentrations were higher in the alfalfa diet (Diet 1) than in the amaranth diet (Diet 3), whereas CP content was similar (Table 2) . Despite these differences in composition, apparent digestibility of cell contents, ADF, ADL, CP and GE (Table 3) did not differ among the three diets, in accordance with the similar BW and feed intake response of lambs fed the three diets. Digestibility tended to be greater for sheep fed only amaranth as the forage component of the diet (Diet 3) than for lambs fed only alfalfa as the forage component (Diet 1), reflecting the greater NDF, cellulose and ADL content of the latter diet. Apparent digestibilities of NDF (P < .06) and cellulose (P < .05) were greater in lambs fed amaranth than in those fed alfalfa. Gross energy digestibility did not show diet differences. Percentage of absorbed N retained also was similar for all diet groups (87.4 to 88.2% of N absorbed; data not shown).
Ditmussion
Dry matter intake and growth data provide no evidence for the presence of toxic factors in the forage amaranth (Zimbabwe amaranth PI 482049) cultivar used in this experiment. Although not determined in this study, the presence of nitrates, oxalates, saponins, phenolics and other toxic factors in amaranth forage and seeds has been cited as a potential deterrent to the widespread use of Amaranthus in human and animal diets (Osweiler et al., 1969; Cheeke and Bronson, 1979; Hill and Rawate, 1982) . Cheeke et al. (1981) reported inferior weight gains in rats fed leaf protein concentrate prepared from several Amaranthus species and cultivars within species. On the other hand, feeding studies with calves (Odwongo and Mugerwa, 1980) and sheep (Marten and Andersen, 1975) indicated that the leaves of A. hybridus L. and A. retroflexus L., respectively, promoted normal growth compared with that obtained from oat or alfalfa forage. We are aware of no data on the nutritional value of the Zimbabwe cultivar used in the present experiment. The chemical analysis of this amaranth forage is similar to that reported by Saunders and Becker (1984) and Mugerwa and Bwabye (1974) for other amaranth cultivars.
The favorable chemical analysis (high CP, tow cellulose) of the vegetable amaranth cultivar evaluated and its high acceptability to and digestibility by growing lambs suggest that this plant is potentially valuable as a feedstuff for ruminants. Additional research is needed to evaluate further the potential role of forage and grain amaranths as food and feed resources, as suggested by the National Academy of Sciences (1975) and by Saunders and Becker (1984) . The ultimate characterization of nutritive value and presence or absence of toxic factors in grain and vegetable amaranths will depend on careful and prudent identification and taxonomy of different Amaranthus species and cultivars within species. Identification of amaranth by species alone is inadequate and leads to confusion and misinformation.
